transition to flowering (Park et al., 2014) . Heterozygous sft mutants in a homozygous sp 1 0 5 mutant background display yield heterosis in tomato (Krieger et al., 2010) . Hence, the 1 0 6 SP/SFT genetic module has been proposed as a target to increase crop yield via changes in 1 0 7 plant architecture (McGarry and Ayre, 2012; Zsögön et al., 2017) . It has also been 1 0 8 previously suggested that SP function could be linked to auxin (Pnueli et al., 2001) , a 1 0 9 hormone with strong effects on plant morphogenesis (Berleth and Sachs, 2001) .
Auxin is a key controller of plant development; however, its role in the regulation of 1 1 1 plant growth habit is still unclear. An aspect that sets auxin apart from other plant hormones 1 1 2 is the relatively well understood nature of its transport through the plant body (Friml, 2003; 1 3 8 SP and DGT (i.e., SP DGT, SP dgt, sp DGT and sp dgt) , showed that growth habit was 1 3 9 affected solely by SP and not by DGT (Fig. 1 ). Regardless of their DGT or dgt allele, SP 1 4 0 plants showed indeterminate growth whereas sp mutants were always determinate ( Fig. 1) .
Time to flowering, however, was affected by both genes in combinatorial fashion. dgt 1 4 2 plants flowered late, independently of the SP allele (Fig. 1) . The sp DGT genotype showed 1 4 3 consistently precocious flowering, and this was confirmed in an independent experiment by 1 4 4 analysis of the rate of shoot apical meristem maturation ( Fig S1) . The number of leaves to 1 4 5
Although it has been previously demonstrated that the sp mutation does not alter 2 3 7 tomato flowering time or the number of leaves before termination of the shoot (Pnueli et   2  3  8 al ., 1998; Shalit et al., 2009) , SP orthologs vary in this respect depending on the species. Flowering time is not affected in cen mutants in Antirrhinum (Bradley et al., 1996) ,
whereas Arabidopsis tfl1 mutants flower earlier and TFL1 overexpression delays flowering 2 4 1 by preventing the meristem transition from vegetative to floral (Ratcliffe et al., 1998) . In CEN/TFL1/SP ortholog (Zhang et al., 2015) . Comparison of determinate and indeterminate 2 4 5 near-isogenic soybean lines consistently showed earlier flowering in the former across 2 4 6 different locations and planting seasons (Ouattara and Weaver, 1994) . Our data show that 2 4 7 loss of SP function (sp allele) leads to slightly but consistently earlier flowering in tomato, 2 4 8 measured either in days after germination or the reduction of the number of nodes before 2 4 9 the first inflorescence. Using a near isogenic line harbouring the wild type Dwarf (D) allele, 2 5 0 which codes for a brassinosteroid (BR) biosynthesis gene (Marti et al., 2006) , we showed 2 5 1 here that this effect is not related to reduced BR levels in MT. This is in agreement with the 2 5 2 fact that the phenotypes of the sp and dgt individual mutants in the MT background closely 2011). It is therefore unlikely that the combination of both mutations (sp and dgt) would be 2 5 5 affected epistatically by the d allele (Campos et al., 2010) . Interestingly, the dgt mutation 2 5 6 delays the number of days to flowering in either SP or sp backgrounds (Balbi and Lomax, which encodes the florigen (Evans, 1971; Shalit et al., 2009 ). It does not, however, 2 5 9 significantly affect the number of leaves produced before termination, which is a proven Eshed, 2006; Navarro et al., 2015) . Hence, the loss-of-function sft mutant produced 2 6 2 130% more leaves on the primary shoot than the control MT (Vicente e al., 2015). Conversely, transgenic tomato plants overexpressing SFT flower after only three or four Axillary branching was increased in sp mutants in both DGT and dgt allele 2 6 6 backgrounds. The expression of SP is higher in axillary meristems, suggesting a possible 2 6 7 1 0 role for SP in the control of apical dominance (Thouet et al., 2008) . Our results reinforce 2 6 8 this notion, as sp mutants are more profusely branched than wild-type plants. This also 2 6 9 agrees with the effects of the SP ortholog Dt1 in soybean, where comparison of determinate 2 7 0 and indeterminate isogenic lines revealed an increased propensity to side branching in the 2 7 1 former (Gai et al., 1984) . The dgt mutant responds to auxin treatment of decapitated shoots, 2 7 2 which inhibits bud outgrowth to the same extent as in wild-type plants (Cline, 1994) . Apical dominance has been reported to be reduced in intact dgt plants (Coenen et al., 2003) , has been conducted in tomato cultivars differing in their SP alleles (Supplementary Table   2 7 6 1). Our results indicate a strong and complex interaction between SP and DGT in the 2 7 7 control of apical dominance: the dgt mutation increased it in the wild-type SP background, 2 7 8 but also increased axillary bud outgrowth in the sp background, enhancing its branching 2 7 9 phenotype. influence of the sp and dgt alleles on auxin synthesis, degradation, or transport. The above results could reflect changes in IAA biosynthesis, degradation or 2 9 1 transport. The reduction in PAT produced by the dgt mutation was described previously 2 9 2 (Ivanchenko et al., 2015) , but the synergistic effect of the sp mutation described here was unexpected. The differences in IAA concentration in the aerial part of the seedlings could 2 9 4 be due to altered PAT caused by both the sp and dgt mutations. PAT from the shoot organs 2 9 5 to the root tips induces the formation of the entire plant vascular system (Aloni, 2013; localization of PIN1 in pre-procambial cells (Scarpella et al, 2006) . Lack of large secondary 2 9 9 xylem vessels was conspicuous in the dgt mutant, as previously described (Zobel, 1974) . In 3 0 0 plants harbouring the functional DGT allele, the effect of the sp mutation was to increase 3 0 1 the incidence of larger (>800 µm 2 cross-sectional area) vessels. In tree species, there is 3 0 2 evidence that the relationship between xylem vessel density and size involves differential to be seen if this is also the case in herbs, and if the effect of the SP gene on xylem width is 3 0 7 indirectly caused by its control of plant height, or directly by its influence on PAT. Increased PAT in the polycotyledon tomato mutant, for instance, leads to an altered of tomato cultivar VFN8, a mutant for sp (Supplemental Table 1 ). In both intact or excised 3 1 6 hypocotyl segments, a reduced response to exogenous auxin was observed for the sp dgt 3 1 7 double mutant (Kelly and Bradford, 1986; Rice and Lomax, 2000) . We confirmed these 3 1 8
results, but show that a functional SP allele leads to increased elongation in either DGT or 3 1 9 dgt backgrounds. Collectively, these results indicate that some compensatory effect can be transporters, which are also influenced by SP at the transcriptional level ( Fig. 4) , is , 2014; Weller et al., 2017) . This fits with earlier suggestions that SP, which encodes a 3 2 9 phosphatidylethanolamine binding protein (PEBP), exerts at least some of its effects on 3 3 0 membrane proteins through interaction with kinases (Pnueli et al., 2001) .
The Cholodny-Went hypothesis is a classical model suggesting that differential 3 3 2 auxin distribution is the cause of directional plant bending with respect to an exogenous 3 3 3 stimulus such as light or gravity (Went, 1974) . That DGT is required for a correct 3 3 4 gravitropic response of roots and shoots has been demonstrated, but the explanation at the 3 3 5 molecular level is still lacking (Muday et al., 1995; Rice and Lomax, 2000) . To the best of 3 3 6 our knowledge, an effect of SP on shoot gravitropism had not been tested before. or dgt background. Functional SP produces taller plants, so it is tempting to speculate that 3 3 9 they should have a stronger gravitropic response in order to facilitate the bending of a 3 4 0 larger stem. In Arabidopsis, the IAA efflux transporter PIN3 mediates lateral redistribution 3 4 1 of auxin and is therefore involved in hypocotyl and root tropisms (Friml et al., 2002) . It have been shown to relocate at the subcellular level via the same mechanism: vesicle 3 4 5 trafficking along the actin cytoskeleton between the plasma membrane and endosomes 3 4 6 (Geldner et al., 2001; Friml et al., 2002) . Dissecting the intertwined mechanisms involved 3 4 7 in this possible co-regulation will be required to fully understand to which extent and how 3 4 8 exactly SP affects auxin distribution. High concentrations of exogenous auxin inhibit root elongation. As expected, the mutant. This result could be ascribed to a new balance in auxin transport and signaling auxin signaling up to a certain optimum, and then begins to decline, probably following a 3 5 5 parabolic trajectory (Sibout et al, 2006) . In vitro root regeneration, on the other hand, is treatment (Coenen and Lomax, 1998) . Interestingly, the sp mutation also reduces 3 5 8 rhizogenesis ( Fig S3) , which reinforces the notion of SP positively influencing PAT, as the 3 5 9
PAT inhibitor TIBA has been shown to reduce in vitro root formation in tomato (Tyburski Interactions between SP and the auxin signaling machinery
Auxin signaling output can be estimated by following DR5 promoter activation expression of Aux/IAA and ARF family genes (Fig. 6 ). Auxin signalling is strongly dependent on auxin levels and the responsiveness of At high IAA levels, auxin acts as a molecular glue to stabilize the TIR1/AFB receptor 3 7 5 binding and tagging of Aux/IAAs for 26S proteasome degradation (Hayashi, 2012) . This, in 3 7 6 turn, frees ARFs bound to Auxin-Response Elements (AuxRE) in the genome (TGTCTC, 3 7 7 or its degenerate, but also functional form, TGTCNC) to activate or repress gene expression 3 7 8 (Ulmasov et al., 1995) . Our in silico analyses demonstrated the presence of conserved of genes related to auxin signaling (Mito and Bennett, 1995) , including Aux/IAA genes 3 8 8 (Nebenführ et al., 2000) . It was recently discovered that cyclophilin peptidyl-prolyl 3 8 9 isomerases (PPIases) catalyse the cis/trans isomerisation of peptide bonds preceding 3 9 0 proline residues of target peptides, including Aux/IAAs (Jing et al., 2015) . Only Aux/IAA 3 9 1 peptides of the right conformation can bind to the TIR1 receptor and be tagged for conformers are not produced, as suggested by increased transcript levels of IAA3 and 3 9 5 reduced levels of IAA9 in dgt mutants. Furthermore, our in silico analysis shows that the sp 3 9 6 mutation occurs in a highly conserved cis-proline residue in a DPDxPxn10H consensus 3 9 7 region in the PEBP domain ( Fig. S3 ), which is a potential target for PPIases. Whether this 3 9 8 putative molecular interaction between SP and DGT could account for the phenotypic 3 9 9 outcomes shown here, remains to be determined. AuxREs, and the auxin mutant dgt downregulated SFT and upregulated SP expression. There are now increasing evidences that SP/SFT genetic module is a hub in crop Roger Chetelat (Tomato Genetics Resource Center, Davis, University of California, USA).
2 9
The functional allele of SELF-PRUNING was introgressed from cv. Moneymaker 4 3 0 (LA2706).
3 1
Introgression of mutations into the MT cultivar was described previously (Carvalho CaCO 3 ). Upon appearance of the first true leaf, seedlings of each genotype were 4 5 0
transplanted to pots containing the soil mix described above, except for the NPK 4 5 1 supplementation, which was increased to 8 g L -1 . containing MS with or without supplementation with 0.4 µM NAA. After 8 days, the 4 9 1 number of explants with visible roots (determined using a magnifying glass) was counted.
9 2
For hypocotyl elongation assays, hypocotyls were excised from two week-old 4 9 3 seedlings and cut into 5-mm sections. Between 15 and 20 segments were pre-incubated for experiment was repeated three times with similar results. using AutoCad 2016 (Autodesk, Inc., San Rafael, CA, Estados Unidos da América).
0 5
Sterilized seeds were germinated in petri dishes onto two layers of filter paper moistened 5 0 6
with distilled water, and incubated for 4 d at 25ºC in the dark. Ten germinated seeds with 5 0 7 radicles of 5-10 mm were transferred to vertically oriented square Petri dishes (120 mm × chamber in the dark.
1 2
In vitro root elongation in response to exogenous auxin was assessed as follows.
1 3
Seeds were surface-sterilized and imbibed for two days at 4°C in the dark on agar plates solution (100 mM NaH 2 PO 4 ; 10 mM EDTA, 0,5 mM K 4 Fe(CN) 6 ; 0,05% Triton X-100, 5 2 5
1mM 5-bromo-4-chloro-3-indolyl-beta-D-glucuronic acid). Following GUS staining, mM 4-methylumbelliferyl-β-D-glucuronide (MUG) and incubated at 37 °C for 30 minutes. Subsequently, aliquots of 100 μ L were taken from each tube and the reactions were stopped 5 3 6
and fluorescence was analyzed using a spectrofluorometer (LS55, Perkin Elmer) with 5 3 7
365 nm excitation and 460 nm emission wavelength (5 nm bandwidth). Relative expression was normalized using actin and ubiquitin; actin was used to grants from CNPq (grant 307040/2014-3 to L.E.P.P.). We thank Biomatters Ltd. (Auckland, New Zealand) for the kind gift of a Geneious R9 licence. 5 8 0 
